Fungi are an omnipresent and highly diverse group of organisms, making up a 30 significant part of eukaryotic diversity. Little is currently known about the drivers of 31 fungal population differentiation and subsequent divergence of species, particularly in 32 symbiotic fungi. Here we investigate the population structure and environmental 33 adaptation in Suillus brevipes (Peck) Kuntze, a wind-dispersed soil fungus that is 34 symbiotic with pine trees. We assembled and annotated the reference genome for S. 35
Here we report on the first population genomics study of an EM basidiomycete 85 fungus. We compile a new fungal reference genome, document fungal population 86 structure and investigate candidate genomic regions for local adaptation. We focused on 87 Suillus brevipes, a widespread North American EM fungus associated with pine trees 88 (Smith & Thiers, 1964) . S. brevipes is a soil fungus and reproduces by forming fruiting 89 bodies that produce and disperse in the order of 10 8 airborne spores per mushroom 90 (Dahlberg & Stenlid, 1994) . It plays an important ecological role as a pioneer species, 91 species, is amenable for in vitro cultures, making it possible to document population 93 differentiation and to unveil its causal mechanisms. We assembled and annotated the S. 94 brevipes reference genome and re-sequenced the genomes of isolates collected from two 95 contrasting environments in California, coastal mixed Pinus muricata and P. contorta 96 and mountain P. contorta forests separated by 300 km of inhospitable habitat, lacking 97 either plant host. Given the inherent differences between coastal and montane 98 environments, we expected to find clearly differentiated and locally adapted populations, 99 with strong signatures of positive selection in genomic regions related to factors known 100 to be relevant for fungal ecology and evolution, such as host tree, climate, and/or soil 101 type. We also hypothesized ongoing gene flow between the coast and mountains, 102 facilitated by the massive amounts of airborne spores produced by S. brevipes. 103 Surprisingly, we detected distinct yet very little diverged coastal and montane 104 populations, with only 155 reciprocally fixed SNPs. Demographic modeling pointed to 105 isolation as the most likely model, with the absence of gene flow between the two 106 populations. We also identified a small set of highly differentiated genomic regions, 107 Isolate re-sequencing produced over 60 million sequences. Reads were filtered based 159 on quality and all duplicates and reads with more than 10% Ns, and with at least one base 160 with phred score smaller than 20 were discarded. Read pairs were re-grouped and orphan 161 reads were also discarded. All good quality paired reads were then aligned to the 162 reference genome using Bowtie2. We filtered the results to exclude genes that showed limited variability and corrected for 211 multiple hypothesis testing using the Benjamini-Hochberg method (Benjamini & 212 Hochberg, 1995) . 213
We searched for selective sweeps by measuring haplotype homozygosity using an in- Table S2 . 226
The average sequence coverage per individual varied from 7X to 26X (Table S1) . 227
We recovered a total of 1254275 single nucleotide polymorphisms (SNPs) across the 28 228 S. brevipes genomes, with 2.4% of the genome as variable sites. 229 230
Population subdivision 231
Using a neighbor-joining approach we found two distinct and highly supported 232
Suillus brevipes montane and coastal populations (Fig. 1a ). The same two populations 233 were found with a maximum likelihood population structure analysis using FRAPPE, 234 which emphasized the shared ancestry of the two populations ( 
Genomic diversity, differentiation and divergence 240
Genomic summary statistics were estimated using 5kb sliding windows (6387 241 windows for the mountain population and 6301 for the coast population) and the genic 242 regions (22453 genes) ( Table 1 ). The two populations presented comparable levels of 243 genetic variation, and each population showed close to 2% polymorphism across the 244 genome and 0.2% in the genic regions. The average observed heterozygosity was similar 245 in both populations (Ho Coast = 0.32 ± 0.19, Ho Mountain = 0.28 ± 0.18), and only slightly 246 higher than the heterozygosity expected under Hardy Weinberg equilibrium (He Coast = 247 0.20 ± 0.21;, He Mountain = 0.21 ± 0.21). Nucleotide diversity (π) was also similar between 248 coast and mountain (Table 1) . Tajima's D was slightly negative, indicating a genome-249 wide excess of low frequency polymorphism compared to neutral expectations, however 250 this was not observed when including only genic regions (Table 1) Most of the SNPs were shared between the two populations (44%) and only 155 258 (0.01%) of the sites were reciprocally fixed for different alleles in the two populations. 259
The remaining SNPs were variable in one population and fixed in the other (Table 2) . 260
This distribution of polymorphism and divergence suggests a recent split between the two 261 populations, the prevalence of gene flow, or both. The mean pairwise nucleotide 262 difference between populations (Dxy) for 5kb windows was 0.008, consistent with the 263 results of the clustering analyses. 264
265
Demography 266
Demographic inference of coastal and montane populations indicated isolation 267 (absence of gene flow) between the mountain and coastal populations as the most likely 268 demographic model (Table 3) Out of the detected 155 reciprocally fixed differences, 30 were in genic regions. 288
Scaffold 16 hosted 30% of these, with 5 non-synonymous fixed differences, and scaffold 289 12 included 20%, of which 4 were non-synonymous. Three of these genes had known 290 functions. Scaffold 16 includes gene 669775, which codes for a protein kinase. Scaffold 291 12 includes three adjacent genes with six fixed differences. 826957 has no known 292 function, 826959 codes for a cysteine-type endopeptidase and 826958 is involved in pH 293 showing 807 windows displaying Fst values above 0.5. We found 24 genes associated 311 with the top 0.1% of 1kb windows with highest Fst values ( when scanning the genomes with 5Kb windows). Gene Nha1-like fell in the window with 316 the maximum Fst value (Fst = 1). 317
Using McDonald Kreitman tests, we found four genes displaying significant 318 differences between ratios of non-synonymous to synonymous substitutions within and 319 between species, which are consistent with positive selection (Table S4 ). These are 320 involved in heterokaryon incompatibility (also listed as a Dxy outlier), carbohydrate 321 metabolic processes, and post-translational processes in organelles. 322
We did not find signals of recent selective sweeps across the genome. We quantified 323 haplotype homozygosity using an H statistics that measures the length of pairwise 324 homozygocity stretches in a population sample generated by elevated linkage 325 disequilibrium around adaptive sites (Wilson and Messer, unpublished). The highest H 326 values are listed in Table S5 and show no evidence for selective sweeps. 327 328 Discussion 329
Our study revealed emerging differentiation of Suillus brevipes populations in two 330 contrasting environments at a relatively small spatial scale. We found a very recent split 331 between montane and coastal populations in California with no evidence for post-332 divergence migration, as indicated by low population divergence, the presence of very 333 few reciprocally fixed differences and genetic isolation as the most likely demographic 334 model. Despite the low overall genomic divergence, we detected a small set of highly 335 differentiated and positively selected genes across the two populations. These results are 336 consistent with the early stages of environmental adaptation. 337 610  611  612  613  614  615  616  617  618   20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200 210 220 
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